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The difference in the acute phase response of a heat-tolerant and a heat-sensitive Bos
taurus breed to a lipopolysaccharide (LPS) challenge when housed at different air
temperatures (Ta) was studied. Angus (ANG; heat-sensitive; n ¼ 11; 306 � 26 kg BW) and
Romosinuano (RO; heat-tolerant; n ¼ 10; 313 � 32 kg BW) heifers were transported from
the USDA Agricultural Research Service SubTropical Agricultural Research Station in Flor-
ida to the Brody Environmental Chambers at the University of Missouri, Columbia. Heifers
were housed in stanchions in 4 temperature-controlled environmental chambers. Initially,
Ta in the 4 chambers was cycling at thermoneutrality (TN; 18.5�C–23.5�C) for a 1-wk
adjustment period, followed by an increase in 2 of the 4 chambers to cycling heat stress
(HS; 24�C–38�C) for 2 wk. On day 19, heifers were fitted with jugular catheters and rectal
temperature (RT) recording devices. On day 20, heifers were challenged with LPS (0.5 mg/
kg BW; 0 h), sickness behavior scores (SBSs) were recorded, and blood samples were
collected at 0.5-h intervals from �2 to 8 h and again at 24 h relative to LPS challenge at 0 h.
Serum was isolated and stored at �80�C until analyzed for cortisol and cytokine concen-
trations. A breed by Ta interaction (P < 0.001) was observed for RT such that the post-LPS
average RT in RO heifers housed at TN was lower than the RT of all other treatment groups
(P < 0.001), whereas ANG heifers housed at HS had greater post-LPS average RT than all
other treatment groups (P < 0.001). In response to LPS, HS increased SBS after LPS in RO
heifers compared to RO heifers housed at TN (P < 0.001), whereas HS decreased SBS after
LPS in ANG heifers compared to ANG heifers housed at TN (P ¼ 0.014). The cortisol
response to LPS was greater in TN than in HS heifers (P < 0.01) and was also greater in RO
than in ANG heifers (P ¼ 0.03). A breed by Ta interaction (P < 0.01) was observed for tumor
necrosis factor-a (TNF-a) concentration such that HS increased post-LPS serum concen-
trations of TNF-a in ANG heifers compared to ANG heifers housed at TN (P ¼ 0.041),
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whereas HS decreased post-LPS concentrations of TNF-a in RO heifers compared to RO
heifers housed at TN (P ¼ 0.008). A tendency (P < 0.06) was observed for a breed by Ta
interaction for IL-6 concentrations such that RO heifers had greater post-LPS concentra-
tions of IL-6 than ANG heifers when housed at HS (P ¼ 0.020). A breed by Ta interaction
was observed for interferon-g (IFN-g; P < 0.01) concentrations such that HS decreased
post-LPS concentrations of IFN-g in ANG heifers compared to ANG heifers housed at TN
(P < 0.001), and HS increased post-LPS concentrations of IFN-g in RO heifers compared to
RO heifers housed at TN (P ¼ 0.017). These data indicate differences in the acute phase
response between the heat-tolerant RO and heat-sensitive ANG heifers under different Ta
which may aid in elucidating differences in productivity, disease resistance, and longevity
among cattle breeds.

Published by Elsevier Inc.
1. Introduction

Strides have been made to increase knowledge on the
immune response in livestock, particularly in cattle. As we
gain a better understanding of the immune system,
researchers and producers will be able to work together to
create and (or) modify management practices to maximize
cattle health and well-being while minimizing the negative
effects of illness on productivity (average daily gain, dry
mater intake, medical costs, etc). Several factors have been
reported to modulate the immune response in cattle,
including breed [1–3].

The use of heat-tolerant Bos taurus cattle breeds in
breeding programs in subtropical regions of the United
States is of increasing interest because they offer some
favorable production traits compared with heat-tolerant
Bos indicus breeds (ie, Brahman) [4–7]. Because differ-
ences exist between the immune response of Bos taurus
and Bos indicus breeds, it is suspected that differences exist
between diverse Bos taurus breeds as well [1]. A previous
study reported that differences exist in the acute phase
response of 2 diverse Bos taurus cattle breeds to a lipo-
polysaccharide (LPS) challenge which differ in heat toler-
ance [Angus (ANG; heat-sensitive) and Romosinuano (RO;
heat-tolerant)] [3] when housed in a thermal neutral
environment. Specifically, RO steers produced a greater
rectal temperature (RT) response than ANG steers, whereas
ANG steers produced a greater cortisol response to LPS
challenge. In addition, the tumor necrosis factor-a (TNF-a)
response was delayed and extended in RO steers compared
to ANG steers. These results suggested that differences
existed for the acute phase response of these 2 diverse Bos
taurus breeds that differ in heat-tolerance, giving insight
about other physiological, immunologic, and endocrine
differences observed among cattle breeds.

As a follow-up on a previous study, the objective of the
present experimentwas to identify differences in the acute-
phase response of the heat-tolerant RO and the heat-
sensitive ANG heifers to a LPS challenge when housed at
different air temperatures (Ta). The use of LPS, a component
of the cell wall of gram-negative bacteria such as Escherichia
coli, has beenused inmany researchmodels to elicit anacute
inflammatory response. The RO is a breed native to
Colombia, South America, and derived its name from its
origin in the Sinú river region (sinuano) of northern
Colombia and its polled (romo) character [8]. TheRObreed is
noted for its longevity, docile temperament, and adaptation
to tropical stressors [5,9,10]. Becauseof thedifferences in the
acute phase response to LPS challenge observed previously
betweenROandANGcattlewhenhoused at thermal neutral
conditions, it was hypothesized that during heat stress (HS),
the RO heifers would be more heat tolerant than the ANG
heifers, resulting in differences in the acute phase response
between the 2 breeds.

2. Materials and methods

2.1. Experimental design

All experimental procedureswere in compliancewith the
Guide for the Care and Use of Agricultural Animals in Research
and Teaching and approved by the Institutional Animal Care
and Use Committee at the University of Missouri.

Eighteen-month-old ANG (n ¼ 11; 306.7 � 25.9 kg BW)
andRO (n¼ 10;312.9�32.0kgBW)heiferswere transported
from the USDA Agricultural Research Service SubTropical
Agricultural Research Station (STARS) facility in Brooksville,
Florida, to the Brody Environmental Chambers at the
University ofMissouri, Columbia. TheANGheifers used in the
present study were from the USDA Agricultural Research
Service STARS herd that descended from a group of cattle
from the University of Florida obtained in the early 1950s.
Beginning in 1955, ANG bulls from theWye Plantation (Wye
Mills, MD, USA) were used to generate (naturally) the STARS
ANG cow herd. In the early 1970s and in the early 1990s,
semen frommodernWyebullswasusedonsomeof the cows
to introduce different bloodlines. On the basis of this back-
ground information, the ANG cattle were purebred ANG
cattle that were most likely not contaminated with genetics
of other breeds over the years. Heifers were housed in sepa-
rate stanchions in 4 temperature-controlled environmental
chambers and allowed ad libitum access to feed and water
throughout the study. Heifers were randomly placed in the
environmental chambers within breed, with both breeds
represented in each chamber. Air temperature was main-
tained within cycling thermoneutrality (TN; 18.5�C–23.5�C)
for a 1-wk adjustment period (day 1–7), followed by an
increase in 2 chambers to a cycling HS (24�C–38�C) for an
additional 2 wk (day 8–21; [6]; Fig. 1). The temperature-
humidity index for the HS chambers cycled from 70 to 78
and cycled from 64.5 to 67 for the TN chambers. Relative
humidity was maintained below 50% in all chambers during
the trial. Five ANG and 5 RO heifers were housed at TN,
whereas 6 ANG and 5 RO heifers were housed at HS.



Fig. 1. Air temperatures in environmental chambers cycling at thermoneu-
trality (18.5�C–23.5�C) and heat stress (24�C–38�C). Administration of lipo-
polysaccharide (Injection) occurred at 10 AM on day 20 of the study.
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On day 19, heifers were fitted with RT recording devices
[11] that measured RT continuously at 1-min intervals and
with jugular vein catheters and were then returned to their
respective chambers. On day 20, heifers were administered
0.5 mg/kg BW LPS (from E coli O111:B4; Sigma-Aldrich, St
Louis, MO, USA) intravenously at time 0 h (10 AM). Blood
samples were collected in Sarstedt tubes with no additive
(Sarstedt Inc, Newton, NC, USA) at 0.5-h intervals from �2
to 8 h and again at 24 h relative to LPS challenge at 0 h.
Blood samples were allowed to clot for 30 min at room
temperature and were then centrifuged at 1500 � g for 20
min at 4�C. Serum was isolated and stored at �80�C until
analyzed for concentrations of cortisol, TNF-a, IL-6, and
interferon-g (IFN-g). Sickness behavior scores (SBSs) were
also determined by a single observer after the collection of
each blood sample. Measurements of skin, ruminal, and
vaginal temperature from this study were previously re-
ported [12,13].
2.2. Sickness behavior scores

A trained observer assessed and recorded each heifer’s
SBS by visual observation after the collection of each blood
sample. Heifers were scored on a scale of 1 (active or
agitated), showing the least amount of sickness behavior, to
5 (lying on side with labored breathing), showing the
greatest amount of sickness behavior (Table 1) [14]. Heifers
Table 1
Sickness score definitions of visual signs of sickness.

Score Description

1 Normal, alert, ears erect; head level or high, eyes open;
standing, locomotor activity, responsive, performing
maintenance behaviors

2 Calm but less alert, less activity, less responsive, standing or
lying ventral, semilateral

3 Lying, calm, head distended or tucked, less alert, signs of some
mild respiratory problems (coughing, wheezing)

4 Clinical signs of sickness, respiratory problems, not responsive,
head distended, lethargic

5 All/most respiratory problems, mucus/foam; head distended,
not responsive; medical intervention required
were assigned SBSs by the same observer throughout the
experiment.

2.3. Serum analysis

Serum concentrations of cortisol were determined by
enzyme immunoassay by using a commercially available
kit validated for bovine samples according to the manu-
facturer’s instructions (Arbor Assays, Ann Arbor, MI, USA).
Serum concentrations of cortisol were determined by
comparison to a standard curve of known concentrations.
The minimum detectable concentration was 45.4 pg/mL,
and intra-assay and interassay CVs were 0.7% and 1.8%,
respectively. Concentrations are presented in nanograms
per milliliter (ng/mL).

Serum cytokine concentrations (TNF-a, IFN-g, and IL-6)
were determined by a custom bovine-specific 3-plex
sandwich-based chemiluminescence ELISA kit (Searchlight-
Aushon BioSystems, Inc, Billerica, MA, USA). The minimum
detectable concentrations were 0.5, 0.1, and 3.3 pg/mL for
TNF-a, IFN-g, and IL-6, respectively. All intra-assay CVs
were <19%, and all interassay CVs were <22% for all
assays. Concentrations are presented in picograms per
milliliter (pg/mL).

2.4. Statistical analysis

Before analysis, RT data were averaged into 10-min
intervals. Data were analyzed in 2 different periods: base-
line (before LPS; time �2 to 0 h) and challenge (after LPS;
0 to 24 h). Data were analyzed by the MIXED procedure of
SAS specific for repeated measures (SAS Institute Inc, Cary,
NC, USA). Breed, Ta, time, and their interactions were
included as fixed effects, with heifers within Ta (TN or HS)
included as the subject. Specific comparisons were made
between breed, Ta, time, and their interactions when
significant with the use of the PDIFF option in SAS with the
Tukey multiple comparison adjustment. A P value < 0.05
was considered significant and 0.05 < P < 0.10 was
considered a tendency. All data are presented as the least
squares mean � SEM.

3. Results

3.1. Rectal temperature

Before the administration of LPS, there was no effect of
Ta (P ¼ 0.728) or time (P ¼ 0.994) on RT, but there was an
effect of breed (P< 0.001) and a breed by Ta interaction (P¼
0.005; Fig. 2). Specifically for the breed effect, ANG heifers
had greater average RT (38.94�C � 0.02�C) than RO heifers
(38.64�C � 0.02�C). For the breed by Ta interaction, HS
resulted in a decrease in RT in RO heifers (38.60�C� 0.03�C)
compared to RO heifers housed at TN (38.68�C � 0.03�C;
P¼ 0.034), whereas therewas a tendency (P¼ 0.061) for HS
to increase RT in ANG heifers (38.97�C � 0.02�C) compared
to ANG heifers housed at TN (38.91�C � 0.03�C).

After LPS administration, we observed an effect of Ta
(P < 0.001), breed (P < 0.001), and time (P < 0.001) on RT.
Specifically, RT increased in all heifers (time: P< 0.001) and
was greater in ANG heifers (39.33�C � 0.01�C) than in RO



Fig. 2. Rectal temperature at 10-min intervals in ANG and RO heifers before
and after an intravenous bolus injection of LPS (0.5 mg/kg BW) administered
immediately after collection of a blood sample at time 0 hr. Heifers were
housed at TN [18.5�C–23.5�C; ANG (n ¼ 5) and RO (n ¼ 5)] or cycling HS
[24�C–38�C; ANG (n ¼ 6) and RO (n ¼ 5)]. For clarity of presentation, data
are presented as least squares mean only. Before LPS challenge SEM ¼ 0.03
and after LPS challenge SEM ¼ 0.01. ANG, Angus; HS, heat stress; LPS,
lipopolysaccharide; RO, Romosinuano; TN, thermoneutrality.

Fig. 3. Sickness behavior scores in ANG and RO heifers after an intravenous
bolus injection of LPS (0.5 mg/kg BW) administered immediately after
collection of a blood sample at time 0 hr. Heifers were housed at TN [18.5�C–
23.5�C; ANG (n ¼ 5) and RO (n ¼ 5)] or cycling HS [24�C–38�C; ANG (n ¼ 6)
and RO (n ¼ 5)]. ANG, Angus; HS, heat stress; LPS, lipopolysaccharide; RO,
Romosinuano; TN, thermoneutrality.

Fig. 4. Serum cortisol response in ANG and RO heifers after an intravenous
bolus injection of LPS (0.5 mg/kg BW) administered immediately after
collection of a blood sample at time 0 hr. Heifers were housed at TN [18.5�C–
23.5�C; ANG (n ¼ 5) and RO (n ¼ 5)] or cycling HS [24�C–38�C; ANG (n ¼ 6)
and RO (n ¼ 5)]. ANG, Angus; HS, heat stress; LPS, lipopolysaccharide; RO,
Romosinuano; TN, thermoneutrality.
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heifers (39.11�C � 0.01�C). In addition, RT was greater in
heifers housed at HS (39.29�C � 0.01�C) than heifers
housed at TN (39.15�C� 0.01�C). This resulted in a breed by
Ta interaction (P< 0.001) such that the average RT after LPS
challenge in RO heifers housed at TN was lower (39.05�C �
0.01�C) than the RT of all other treatment groups (P <

0.001), whereas ANG heifers housed at HS had greater
(39.41�C � 0.01�C) average RT after LPS challenge than did
all other treatment groups (P < 0.001).

3.2. Sickness behavior

Before administration of LPS, no differences were
observed in SBSs among the heifers (P¼ 1.000 for Ta, breed,
and time; all heifers had a score of 1 from�2 to 0 h; Fig. 3).
After LPS challenge, SBS was affected by breed (P ¼ 0.001)
and time (P < 0.001) but not Ta (P ¼ 0.445). In addition,
a breed by Ta interaction (P < 0.001) was observed.
Specifically, HS increased SBS after LPS challenge in RO
heifers (1.36 � 0.02) compared to RO heifers housed at TN
(1.26 � 0.02; P < 0.001), whereas HS decreased SBS after
LPS challenge in ANG heifers (1.21 � 0.02) compared to
ANG heifers housed at TN (1.28 � 0.02; P ¼ 0.014).

3.3. Serum cortisol

Before administration of LPS, serum concentrations of
cortisol were not affected by breed (P ¼ 0.204) or time (P ¼
0.411), but they were affected by Ta (P¼ 0.014). Specifically,
heifers housed at HS had greater cortisol concentrations
(25.13 � 2.23 ng/mL) than heifers housed at TN (16.63 �
2.54 ng/mL; Fig. 4).

In response to LPS administration, cortisol concentra-
tions were affected by Ta (P¼ 0.009), breed (P¼ 0.032), and
time (P < 0.001). Specifically, cortisol concentrations
increased in all heifers. Serum cortisol concentrations after
LPS challenge were greater in heifers housed at TN (67.31�
2.04 ng/mL) than heifers housed at HS (60.09� 1.83 ng/mL)
and were greater in RO heifers (66.63� 1.93 ng/mL) than in
ANG heifers (60.76 � 1.93 ng/mL). In addition, there was
a tendency (P¼ 0.084) for a Ta by time interaction such that
heifers housed at TN had greater cortisol concentrations
than heifers housed at HS at 2 h (P ¼ 0.038) and 3.5 h (P <

0.001) after administration of LPS.
3.4. Serum proinflammatory cytokines

Before administration of LPS, concentrations of pro-
inflammatory cytokines were not affected by breed
(P¼ 0.428–0.693), Ta (P¼ 0.302–0.507), or time (P¼ 0.379–
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0.928; Fig. 5). After LPS challenge, concentrations of TNF-a
were affected by time (P < 0.001) but were not affected by
breed (P ¼ 0.622) or Ta (P ¼ 0.460; Fig. 5A). However, there
was a breed by Ta interaction (P < 0.001). Specifically, HS
increased post-LPS serum concentrations of TNF-a in ANG
A

B

C

Fig. 5. Serum cytokine responses in ANG and RO heifers after an intravenous
bolus injection of LPS (0.5 mg/kg BW) administered immediately after
collection of a blood sample at time 0 hr. Heifers were housed at TN [18.5�C–
23.5�C; ANG (n ¼ 5) and RO (n ¼ 5)] or cycling HS [24�C–38�C; ANG (n ¼ 6)
and RO (n ¼ 5)]. Shown are serum cytokine response of (A) TNF-a, (B) IFN-g,
and (C) IL-6. ANG, Angus; HS, heat stress; IFN-g, interferon-g; LPS, lipo-
polysaccharide; RO, Romosinuano; TN, thermoneutrality; TNF-a, tumor
necrosis factor-a.
heifers (522 � 52 pg/mL) compared with ANG heifers
housed at TN (372 � 52 pg/mL; P ¼ 0.041), whereas HS
decreased concentrations of TNF-a after LPS challenge in RO
heifers (301 � 58 pg/mL) compared to RO heifers housed at
TN (537 � 67 pg/mL; P ¼ 0.008).

After administration of LPS, serum IFN-g concentra-
tions were not affected by Ta (P ¼ 0.281) but were affected
by time (P < 0.001) and breed (P ¼ 0.012; Fig. 5B).
Specifically, ANG heifers produced greater serum IFN-g
concentrations (37.4 � 1.6 pg/mL) than RO heifers (31.0 �
1.9 pg/mL). In addition, a breed by Ta interaction (P <

0.001) was observed such that HS decreased concentra-
tions of IFN-g after LPS challenge in ANG heifers (30.0 �
2.3 pg/mL) compared to ANG heifers housed at TN (44.7 �
2.3 pg/mL; P < 0.001), and HS increased concentrations of
IFN-g after LPS challenge in RO heifers (35.6 � 2.5 pg/mL)
compared to RO heifers housed at TN (26.3 � 2.9 pg/mL;
P ¼ 0.017).

Concentrations of IL-6 were not affected by breed (P ¼
0.147) but were affected by time (P < 0.001) and Ta (P <

0.001; Fig. 5C) after administration of LPS. Specifically,
heifers housed at HS produced greater serum IL-6
concentrations (3175.8 � 124.4 pg/mL) than heifers
housed at TN (1967.8� 116.8 pg/mL). In addition, there was
a tendency (P ¼ 0.053) for a breed by Ta interaction such
that RO heifers had greater concentrations of IL-6 (3466 �
186 pg/mL) after LPS challenge than ANG heifers (2886 �
165 pg/mL) when housed at HS (P ¼ 0.020).

4. Discussion

An increase in body temperature is one of the most
common signs observed in animals in response to an
invading pathogen. This response is beneficial in that it
helps to clear invading pathogens, such as bacteria, that are
unable to thrive when the body temperature increases and
may enhance certain immune functions that promote the
removal of pathogens [15]. Although the main effect of Ta
on RT was not significant before administration of LPS, HS
reduced RT in RO heifers and tended to increase RT in ANG
heifers. This suggests that the RO heifers housed at HS were
more apt at maintaining a lower RT in the HS environment,
whereas the RT of ANG heifers was unaffected by Ta before
the LPS challenge. The breed effect observed before LPS
challenge is similar to that observed by Scharf et al [6]
when ANG and RO heifers were housed in the same
chambers as in the present study and support the results
that the RO breed is superior in its ability to regulate body
temperature during both TN and HS environments. Scharf
et al [6] suggested that the similarities between RO and Bos
indicus cattle, such as Brahman, allowed for the RO heifers
to dissipate heat through the skin because of shorter hair
coats and greater blood flow to the skin. A greater heat loss
to the environment would result in decreased RT in RO
heifers as observed in the present study and supports the
previous findings by Scharf et al [6]. The breed effect in RT
observed before LPS administration in the present study is
different than what was observed in ANG and RO steers
housed at TN [3], which may be due to steers being used in
the former study, and heifers being used in the present
study, because breed differences in RT have previously
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been published [14]. The breed effect in the present study
was also significant after LPS challenge, with RO heifers
maintaining lower RT than ANG heifers.

The temporal pattern of the RT response to LPS challenge
is similar towhatwas observed in other studies inwhich LPS
was administered to cattle [16–18]. The decreased RT in RO
heifers housed at TN is in contrast to the response that was
observed by Carroll et al [3] between RO and ANG steers
housed at TN, inwhich RO steers produced a greater peak RT
than ANG steers. It is possible that the difference observed
between the present and the aforementioned studies is due
to sex differences, because sex has been found to influence
theRTresponses toLPSchallenge [19]. Specifically, ithasbeen
suggested that the programming of sex differences may be
a result of differences in the pathways in the central nervous
system that regulate fever and body temperature [20],
perhaps related to differences in themanner inwhich heat is
dissipated between males and females [21], or perhaps
because of lean bodymass composition differences between
males and females [22]. In support of the results from the
present study, Hammond et al [23] also reported a decreased
RT in RO heifers compared with ANG heifers in a study con-
ducted in the months of August and December at tempera-
tures comparable with Ta in the environmental chambers
used in the present study (TN and HS). The ability for RO
heifers to produce a decreased RT response compared with
ANG heifers, regardless of Ta, suggests that the heat-tolerant
nature of the RO breedmay have influenced the RT response
after LPS challenge by allowing for greater heat dissipation
from the body compared with ANG heifers. The ability to
dissipate heat more efficiently may be beneficial because it
mayallowROheifers to return to homeostasis at a faster rate,
allowing for a quicker recovery from an infection.

Cattle often respond to infection through changes in
behavior in response to increasing concentrations of cyto-
kines. Concentrations of cytokines such as TNF-a and IL-6
are typically responsible for the decrease in neuro-
vegitative functions such as eating and drinking that are
often observed in response to infection [24]. This change in
behavior allows animals to conserve energy for body
processes that are more important for survival, such as the
immune response that requires a significant amount of
energy [25,26]. The difference in sickness behavior
responses between heifers housed at HS compared with
heifers housed at TNmay be partially explained by cytokine
concentrations, because IL-6 concentrations were greater
in heifers housed at HS and also greater in RO heifers than
in ANG heifers housed at HS. However, the TNF-a response
in RO heifers housed at HS was decreased compared with
the response of RO heifers housed at TN. Therefore, other
factors, such as differences in energy reserves, may play
a role in the sickness behavior responses observed in the
present study. This is supported by data from a companion
study which found that HS decreased glucose and NEFA
concentrations in ANG heifers, yet increased NEFA
concentrations in RO heifers when housed at HS [27].

The activation of the stress axis is necessary in response
to an invading pathogen and subsequent inflammatory
response to prevent a hyperinflammatory state, a condition
that can be detrimental to the overall immune response.
Therefore, the cortisol response to LPS challenge is
important because it may influence the overall cytokine
response. The greater cortisol concentrations in heifers
housed at HS was expected, because Ta within the range
used in the environmental chambers at HS conditions in the
present study was previously found to cause a stress
response [6,23,28]. The decreased cortisol response
observed in heifers housed at HS compared with TN after
administration of LPS likely indicates a blunted stress
response due to the greater cortisol concentrations
observed before LPS administration. Therefore, the greater
cortisol concentrations observed before LPS administration
in heifers housed at HS resulted in negative feedback on the
hypothalamic-pituitary-adrenal axis, reducing the cortisol
response stimulated by LPS administration. Greater cortisol
concentrations observed in RO than in ANGheifers after LPS
challenge in the present study is consistent with those re-
ported byHammond et al [23] in RO and ANGheifers during
the months of August and December (representative of HS
and TN temperatures in the present study). Hammond et al
[23] suggested a relationship between cortisol concentra-
tions and RT. To support this, acute stress (ie, due to
handling)was found to increaseRT inweaned calves [29]. As
discussed previously, the breed effect on cortisol concen-
trations between RO and ANG heifers in the present study
was complimentary to that observed by Hammond et al
[23]; however, additional research is necessary tomore fully
understand the relationship between cortisol and RTaswell
as the influence of breed on this relationship.

The production of cytokines by cells of the innate
immune system (ie, neutrophils and macrophages) is
typically one of the first responses to be observed after
infection, although detectable concentrations of cytokines
are not usually evident for at least 30 min after LPS expo-
sure. Therefore, the lack of significant effects on cytokine
concentrations before administration of LPS is not
surprising, because concentrations of these cytokines are
typically negligible in the absence of a stimulus. The
exposure to HS before and during the LPS challenge
significantly affected cytokine responses after LPS chal-
lenge. The data from this study indicate that both Ta and
breed can significantly affect the cytokine response to LPS
challenge. The effect of breed on the TNF-a response and
the lack of a breed effect on the IL-6 response of ANG and
RO heifers housed at TN is similar to that observed in ANG
and RO steers housed at TN [3]. However, the temporal
pattern of cytokine secretion differed, likely because of the
greater dose used by the aforementioned study (2.5 mg/kg
BW compared with 0.5 mg/kg BW in the present study).
Concentrations of TNF-a play a role in vasoconstriction;
therefore, decreases in TNF-a in RO heifers in response to
HS support the decreased RT observed in RO heifers before
and after LPS challenge. However, TNF-a is known to
stimulate production of other cytokines, such as IFN-g and
IL-6, which increased in RO heifers in response to HS. In
addition, cortisol is well known to be anti-inflammatory,
therefore reducing cytokine concentrations. It is possible
that the greater concentrations of cortisol before the LPS
challenge in heifers housed at HS modulated the cytokine
response after LPS challenge. The decreased cortisol
concentrations after LPS challenge in heifers housed at HS
may have allowed for greater IL-6 concentrations in these
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heifers after LPS challenge. However, cortisol concentra-
tions do not explain the differences observed in TNF-a and
IFN-g. Both IL-6 and IFN-g can stimulate the adaptive
immune system through activation of T and B cells. Studies
in mice and dairy cows have observed greater IL-6
concentrations when animals were exposed to HS condi-
tions [30,31]. It is unclear what induces this increased
secretion of IL-6 in response to HS, but it may possible play
an immunoprotective role. The greater concentrations of
IL-6 and IFN-g and lesser concentrations of TNF-a in RO
heifers exposed to HS suggest that RO heifers may have
experienced reduced inflammation and greater activation
of adaptive immunity in response to LPS challenge
compared with ANG heifers.

5. Conclusions

Whenhoused inanenvironment similar toHS conditions,
ROheifers displayed greater SBSs and serumcortisol and IL-6
responses yet decreased febrile and TNF-a responses
comparedwith ANGheifers. Overall, HS increased the febrile
and serum IL-6 responses and decreased the serum cortisol
response compared with heifers housed at TN. These data
indicate differences in the acute phase response between
heat-tolerant RO and heat-sensitive ANG breeds under
different Ta, which may aid in elucidating differences in
productivity, disease resistance, and longevity among cattle
breeds.
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